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ABSTRACT 


Seven  firings  of  the  Rocketdyne  J-2S  rocket  engine  (S/N  i  J-112-1C)  were 
conducted  during  test  periods  J4-1902-13,  -14,  and  -15  on  May  15  and  22,  and  June  4, 
1969,  respectively.  The  major  objectives  of  these  test  periods  were:  (1)  to  determine  a 
method  of  increasing  fuel  turbine  inlet  temperature  in  order  to  prevent  turbine  icing  and 
attain  stable  high  thrust  idle-mode  operation,  and  (2)  to  demonstrate  post-main-stage 
transition  to  low  thrust  idle  mode.  Changes  in  injector  mixture  ratio  during  high  thrust 
idle-mode  operation  from  1.55  to  2.02  increased  inlet  temperature,  in  general,  from  85  to 
190°F  for  the  fuel  turbine,  and  from  45  to  95°F  for  the  oxidizer  turbine.  Stable  high 
thrust  idle-mode  operation  was  attained  on  five  firings  which  had  fuel  turbine  inlet 
temperatures  above  160°F.  Satisfactory  transition  to  post-main-stage  low  thrust  idle  mode 
was  accomplished. 
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SECTION  I 
INTRODUCTION 

Testing  of  the  Rocketdyne  J-2S  rocket  engine  using  an  S-IVB  battleship  stage  has 
been  in  progress  at  AEDC  since  December  1968.  Reported  herein  are  the  results  of  the 
seven  engine  firings  conducted  during  test  periods  J4-1902-13,  -14,  and  -15  on  May  15 
and  22,  and  June  4,  1969,  respectively,  utilizing  engine  S/N  J- 11 2- 1C.  The  major 
objectives  of  these  test  periods  were  to:  (1)  determine  a  method  of  increasing  fuel 
turbine  inlet  temperature  in  order  to  prevent  icing  and  attain  stable  high  thrust  idle-mode 
operation,  and  (2)  demonstrate  post-main-stage  transition  to  low  thrust  idle  mode. 

The  firings  were  accomplished  in  Rocket  Development  Test  Cell  (J-4)  (Figs.  1  and 
2,  Appendix  I)  of  the  Engine  Test  Facility  (ETF).  The  firings  were  accomplished  at 
pressure  altitudes  ranging  from  94,000  to  99,000  ft  (geometric  pressure  altitude,  Z,  Ref. 
1)  at  engine  start.  Data  collected  to  accomplish  the  test  objectives  are  presented  herein. 
The  results  of  the  previous  test  periods  are  presented  in  Ref.  2. 

SECTION  II 
APPARATUS 


21  TEST  ARTICLE 

The  test  article  was  a  J-2S  rocket  engine  (Fig.  3)  designed  and  developed  by 
Rocketdyne  Division  of  North  American  Rockwell  Corporation.  The  engine  uses  liquid 
oxygen  (LOX)  and  liquid  hydrogen  as  propellants  and  is  designed  to  operate  either  in  idle 
mode  at  a  nominal  thrust  of  5000  lbf  and  mixture  ratio  of  2.5,  or  at  main  stage  at  any 
precalibrated  thrust  level  between  230,000  and  265,000  lbf  at  a  mixture  ratio  of  5.5.  The 
engine  design  is  capable  of  transition  from  idle-mode  to  main-stage  operation  after  a 
minimum  of  1-sec  idle  mode;  from  main  stage  the  engine  can  either  be  shut  down  or 
make  a  transition  back  to  idle-mode  operation  before  shutdown.  An  S-IVB  battleship 
stage  was  used  to  supply  propellants  to  the  engine.  A  schematic  of  the  battleship  stage  is 
presented  in  Fig.  4. 

Listings  of  major  engine  components  and  engine  orifices  for  this  test  period  are 
presented  in  Tables  I  and  II,  respectively  (Appendix  II).  All  engine  modifications  and 
component  replacements  performed  during  this  report  period  are  presented  in  Tables  III 
and  IV,  respectively. 

21.1  J-2S  Rocket  Engine 

The  J-2S  rocket  engine  (Figs.  3  and  5,  Ref.  3)  features  the  following  major 
components: 

1.  Thrust  Chamber  -  The  tubular-walled,  bell-shaped  thrust  chamber 
consists  of  an  1 8.6-in.-diam  combustion  chamber  with  a  throat 
diameter  of  12.192  in.,  a  characteristic  length  (L*)  of  35.4,  and  a 
divergent  nozzle  with  an  expansion  ratio  of  39.62.  Thrust  chamber 
length  (from  the  injector  flange  to  the  nozzle  exit)  is  108.6  in.  Cooling 
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is  accomplished  by  the  circulation  of  engine  fuel  flow  downward  from 
the  fuel  manifold  through  180  tubes  and  then  upward  through  360 
tubes  to  the  injector  and  by  film  cooling  inside  the  combustion 
chamber. 

2.  Thrust  Chamber  Injector  -  The  injector  is  a  concentric-orificed 
(concentric  fuel  orifices  around  the  oxidizer  post  orifices),  porous-faced 
injector.  Fuel  and  oxidizer  injector  orifice  areas  are  19.2  and  S.9  sq  in., 
respectively.  The  oxidizer  portion  is  compartmented,  the  outer 
compartment  supplying  oxidizer  during  main-stage  operation  only.  The 
porous  material  forming  the  injector  face  allows  approximately  3.S 
percent  of  main-stage  fuel  flow  to  transpiration  cool  the  face  of  the 
injector. 

3.  Augmented  Spark  Igniter  -  The  augmented  spark  igniter  unit  is 
mounted  on  the  thrust  chamber  injector  and  supplies  the  initial  energy 
source  to  ignite  propellants  in  the  main  combustion  chamber.  The 
augmented  spark  igniter  chamber  is  an  integral  part  of  the  thrust 
chamber  injector.  Fuel  and  oxidizer  are  ignited  in  the  combustion  area 
by  two  spark  plugs. 

4.  Fuel  Turbopump  -  The  fuel  turbopunip  is  a  one  and  one-half  stage, 
centrifugal-flow  unit,  powered  by  a  direct-drive,  two-stage  turbine.  The 
pump  is  self-lubricated  and  nominally  produces,  at  the  265,000-lbf 
thrust  rated  condition,  a  head  rise  of  60,300  ft  of  liquid  hydrogen  at  a 
flow  rate  of  9750  gpm  for  a  rotor  speed  of  29,800  rpm. 

5.  Oxidizer  Turbopump  -  The  oxidizer  turbopump  is  a  angle-stage, 
centrifugal-flow  unit,  powered  by  a  direct-drive,  two-stage  turbine.  The 
pump  is  self  lubricated  and  nominally  produces,  at  the  265,000-lbf 
thrust  rated  condition,  a  head  rise  of  3250  ft  of  liquid  oxygen  at  a 
flow  rate  of  3310  gpm  for  ai  rotor  speed  of  10,500  rpm. 

6.  Propellant  Utilization  Valve  -  The  motor-driven  propellant  utilization 
valve  is  a  sleeve-type  valve  which  is  mounted  on  the  oxidizer 
turbopump  and  bypasses  liquid  oxygen  from  the  discharge  to  the  inlet 
side  of  the  pump  to  vary  engine  mixture  ratio. 

7.  Main  Oxidizer  Valve  -  The  main  oxidizer  valve  is  a  pneumatically 
actuated,  two-stage,  butterfly-type  valve  located  in  the  oxidizer 
high-pressure  duct  between  the  turbopump  and  the  injector.  The 
first-stage  actuator  positions  the  main  oxidizer  valve  at  the  12-deg 
position  to  obtain  initial  main-stage-phase  operation;  the  second-stage 
actuator  ramps  the  main  oxidizer  valve  fully  open  to  accelerate  the 
engine  to  the  main-stage  operating  level. 
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8.  Main  Fuel  Valve  -  The  main  fuel  valve  is  a  pneumatically  actuated, 
butterfly-type  valve  located  in  the  fuel  high-pressure  duct  between  the 
turbopump  and  the  fuel  manifold. 

9.  Pneumatic  Control  Package  -  The  pneumatic  control  package  controls 
all  pneumatically  operated  engine  valves  and  purges. 

10.  Electrical  Control  Assembly  -  The  electrical  control  assembly  provides 
the  electrical  logic  required  for  proper  sequencing  of  engine 
components  during  operation.  The  logic  requires  a  minimum  of  1-sec 
idle-mode  operation  before  transition  to  main  stage. 

11.  Flight  Instrumentation  Package  -  The  instrumentation  package  contains 
sensors  required  to  monitor  critical  engine  parameters.  The  package 
provides  environmental  control  for  the  sensors. 

12.  Helium  Tank  -  The  helium  tank  has  a  volume  of  4000  cu  in.  and 
provides  a  helium  pressure  supply  to  the  engine  pneumatic  control 
system  for  three  complete  engine  operational  cycles. 

13.  Thrust  Chamber  Bypass  Valve  -  The  thrust  chamber  bypass  valve  is  a 
pneumatically  operated,  normally  open,  butterfly-type  valve  which 
allows  fuel  to  bypass  the  thrust  chamber  body  during  idle-mode 
operation. 

14.  Idle-Mode  Valve  -  The  idle-mode  valve  is  a  pneumatically  operated, 
ball-type  valve  which  supplies  liquid  oxygen  to  the  idle-mode 
compartment  of  the  thrust  chamber  injector  during  both  idle-mode  and 
main-stage  operation. 

I 

15.  Hot  Gas  Tapoff  Valve  -  The  hot  gas  tapoff  valve  is  a  pneumatically 
operated,  butterfly-type  valve  which  provides  on-off  control  of 
combustion  chamber  gases  to  drive  the  propellant  turbopumps. 

16.  Solid-Propellant ,  Turbine  Starter  -  The  solid-propellant  turbine  starter 
provides  the  initial  driving  energy  (transition  to  main  stage)  for  the 
propellant  turbopumps  to  prime  the  propellant  feed  systems  and 
accelerate  the  turbopumps  to  75  percent  of  their  main-stage  operating 
level.  A  three-start  capability  is  provided. 

2.1.2  S-IVB  Battleship  Stage 

The  S-IVB  battleship  stage,  which  is  mechanically  configured  to  simulate  the 
S-IVB  flightweight  vehicle,  is  approximately  22  ft  in  diameter  and  49  ft  long  and  has  a 
maximum  usable  propellant  capacity  of.  43,000  lbm  of  liquid  hydrogen  and  194,000  lbm 
of  liquid  oxygen.  The  propellant  tanks,  fuel  above  oxidizer,  are  separated  by  a  common 
bulkhead.  Propellant  prevalves,  in  the  low-pressure  ducts  (external  to  the  tanks) 
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interfacing  the  stage  and  engine,  retain  propellants  in  the  stage  until  being  admitted  into 
the  engine  to  the  main  propellant  valves  and  serve  as  emergency  engine  shutoff  valves. 
Vent  and  relief  valve  systems  are  provided  for  both  propellant  tanks. 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by  facility  systems 
using  hydrogen  and  helium,  respectively,  as  the  pressurizing  gases.  The  engine-supplied 
gaseous  hydrogen  and  gaseous  oxygen  for  fuel  and  oxidizer  tank  pressurization  during 
flight  were  routed  to  the  respective  facility  venting  systems. 

22  TEST  CELL 

Rocket  Development  Test  Cell  (1-4)  Fig.  2,  is  a  vertically  oriented  test  unit 
designed  for  static  testing  of  liquid-propellant  rocket  engines  and  propulsion  systems  at 
pressure  altitudes  of  100,000  ft.  The  basic  cell  construction  provides  a  1.5-million-lbf 
thrust  capacity.  The  cell  consists  of  four  major  components:  (1)  test  capsule,  48  ft  in 
diameter  and  82  ft  in  height,  situated  at  grade  level  and  containing  the  test  article;  (2) 
spray  chamber,  100  ft  in  diameter  and  250  ft  in  depth,  located  directly  beneath  the  test 
capsule  to  provide  exhaust  gas  cooling  and  dehumidification;  (3)  coolant  water,  steam, 
nitrogen  (gaseous  and  liquid),  hydrogen  (gaseous  and  liquid),  liquid-oxygen  and 
gaseous-helium  storage  and  delivery  systems  for  operation  of  the  cell  and  test  article;  and 
(4)  control  building,  containing  test  article  controls,  test  cell  controls,  and  data 
acquisition  equipment.  Exhaust  machinery  is  connected  with  the  spray  chamber  and 
maintains  a  minimum  test  cell  pressure  before  and  after  the  engine  firing  and  exhausts 
the  products  of  combustion  from  the  engine  firing.  Before  a  firing,  the  facility  steam 
ejector,  in  series  with  the  exhaust  machinery,  provides  a  pressure  altitude  of  100,000  ft 
in  the  test  capsule.  A  detailed  description  of  the  test  cell  is  presented  in  Ref.  4. 

The  battleship  stage  and  the  J-2S  engine  were  oriented  vertically  downward  on 
the  centerline  of  the  diffuser/steam  ejector  assembly.  This  assembly  consisted  of  a 
diffuser  duct  (20  ft  in  diameter  by  1 50  ft  in  length),  a  centerbody  steam  ejector  within 
the  diffuser  duct,  a  diffuser  insert  (13.5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to 
the  diffuser  duct,  and  a  gaseous-nitrogen  annular  ejector  above  the  diffuser  insert.  The 
diffuser  insert  was  provided  for  dynamic  pressure  recovery  of  the  engine  exhaust  gases 
and  to  maintain  engine  ambient  pressure  altitude  (attained  by  the  steam  ejector)  during 
the  engine  firing.  The  annular  ejector  was  provided  to  suppress  steam  recirculation  into 
the  test  capsule  during  steam  ejector  shutdown.  The  test  cell  was  also  equipped  with:  (1) 
a  gaseous-nitrogen  purge  system  for  continuously  inerting  the  normal  air  in-leakage  of  the 
cell;  (2)  a  gaseous-nitrogen  repressurization  system  for  raising  test  cell  pressure,  after 
engine  cutoff,  to  a  level  equal  to  spray  chamber  pressure  and  for  rapid  emergency 
inerting  of  the  capsule;  and  (3)  a  spray  chamber  liquid-nitrogen  supply  and  distribution 
manifold  for  initially  inerting  the  spray  chamber  and  exhaust  ducting  and  for  increasing 
the  molecular  weight  of  the  hydrogen-rich  exhaust  products. 

23  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage,  and  facility 
parameters.  The  engine  instrumentation  was  comprised  of  flight  instrumentation  which 
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was  provided  to  verity  the  flight  instrumentation  and  to  measure  additional  engine 
parameters.  The  flight  instrumentation  was  provided  and  calibrated  by  the  engine 
manufacturer;  facility  instrumentation  was  initially  calibrated  and  periodically  recalibrated 
at  AEDC.  Appendix  III  contains  a  list  of  all  measured  engine  test  parameters  and  the 
locations  of  selected  sensing  points. 

Pressure  measurements  were  made  using  strain-gage  and  capacitance-type  pressure 
transducers.  Temperature  measurements  were  made  using  resistance  temperature 
transducers  and  thermocouples.  Oxidizer  and  fuel  turbopump  shaft  speeds  were  sensed  by 
magnetic  pickup.  Fuel  and  oxidizer  flow  rates  to  the  engine  were  measured  by 
turbine-type  flowmeters  which  are  an  integral  part  of  the  engine.  Vibrations  were 
measured  by  accelerometers  mounted  on  the  oxidizer  injector  dome,  thrust  chamber 
throat,  and  on  the  turbopumps.  Primary  engine  and  stage  valves  were  instrumented  with 
linear  potentiometers  and  limit  switches. 

The  data  acquisition  systems  were  calibrated  by:  (1)  precision  electrical  shunt 
resistance  substitution  for  the  pressure  transducers  and  resistance  temperature  transducer 
units;  (2)  voltage  substitution  ^or  the  thermocouples;  (3)  frequency  substitution  for  shaft 
speeds  and  flowmeters;  and  (4)  frequency-voltage  substitution  for  accelerometers  and 
capacitance-type  pressure  transducer. 

The  types  of  data  acquisition  and  recording  systems  used  during  this  test  period 
were:  (1)  a  multiple-input  digital  data  acquisition  system  scanning  each  parameter  at  50 
samples  per  second  and  recording  on  magnetic  tape;  (2)  single-input,  continuous-recording 
FM  systems  recording  on  magnetic  tape;  (3)  photographically  recording  galvanometer 
oscillographs;  (4)  direct-inking,  null-balance,  potentiometer-type  X-Y  plotters  and  strip 
charts;  and  (5)  optical  data  recorders.  Applicable  systems  were  calibrated  before  each  test 
(atmospheric  and  altitude  calibrations).  Television  cameras,  in  conjunction  with  video 
tape  recorders,  were  used  tb  provide  visual  coverage  during  an  engine  firing,  as  well  as  for 
replay  capability  for  immediate  examination  of  unexpected  events. 

Z4  CONTROLS  AND  SEQUENCE  OF  EVENTS 

Control  of  the  J-2S  engine,  battleship  stage,  and  test  cell  systems  during  the 
terminal  countdown  was  provided  from  the  test  cell  control  room.  A  facility  control  logic 
network  was  provided  to  interconnect  the  engine  control  system,  major  stage  systems,  the 
engine  safety  cutoff  system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer.  A 
schematic  of  the  engine  start  control  logic  is  presented  in  Fig.  6.  The  sequence  of  engine 
events  for  start  and  shutdown  is  presented  in  Figs.  7a  and  b. 

Low  thrust  idle  mode  was  accomplished  by  sequencing  the  engine  for  operation 
with  the  main  fuel  valve,  idle-mode  oxidizer  valve,  and  thrust  chamber  bypass  valve  in  the 
open  positions  and  the  main  oxidizer  and  hot  gas  tapoff  valves  in  the  closed  positions. 
Transition  from  low  thrust  to  high  thrust  idle  mode  was  made  by  fully  opening  the  hot 
gas  tapoff  valve  and  opening  the  main  oxidizer  valve  to  the  first-stage  position.  Main-stage 
operation  was  accomplished  from  high  thrust  idle  mpde  by  closing  the  thrust  chamber 
bypass  valve  and  advancing  the  main  oxidizer  valve,  to  the  fully  open  position.  Transition 
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from  main  stage  to  low  thrust  idle  mode  was  accomplished  by  sequencing  all  valves  back 
to  their  pre-main-stage  low  thrust  idle-mode  positions. 

SECTION  III 
PROCEDURE 

Preoperational  procedures  were  begun  several  hours  before  the  test  period.  All 
consumable  storage  sysystems  were  replenished;  and  engine  inspections,  leak  checks,  and 
drying  procedures  were  conducted.  Propellant  tank  pressurants  and  engine  pneumatic  and 
purge  gas  samples  were  taken  to  ensure  that  specification  requirements  were  met. 
Chemical  analysis  of  propellants  was  provided  by  the  propellant  suppliers.  Facility 
sequence,  engine  sequence,  and  engine  abort  checks  were  conducted  within  a  24-hr  time 
period  before  an  engine  firing  to  verify  the  proper  sequence  of  events.  Facility  and  engine 
sequence  checks  consisted  of  verifying  the  timing  of  valves  and  events  to  be  within 
specified  limits;  the  abort  checks  consisted  of  electrically  simulating  engine  malfunctions 
to  verify  the  occurrence  of  an  automatic  engine  cutoff  signal.  A  final  engine  sequence 
check  was  conducted  immediately  preceding  the  test  period. 

Oxidizer  dome  and  thrust  chamber  jacket  purges  were  initiated  before  evacuating 
the  test  cell.  After  completion  of  instrumentation  calibrations  at  atmospheric  conditions, 
the  test  cell  was  evacuated  to  approximately  O.S  psia  with  the  exhaust  machinery,  and 
instrumentation  calibrations  at  altitude  conditions  were  conducted.  Immediately  before 
loading  propellants  on  board  the  vehicle,  the  cell  and  exhaust-ducting  atmosphere  was 
inerted.  At  this  same  time,  the  cell  nitrogen  purge  was  initiated  for  the  duration  of  the 
test  period.  The  vehicle  propellant  tanks  were  then  loaded,  and  the  remainder  of  the 
terminal  countdown  was  conducted.  Table  V  presents  the  engine  purges  used  during  the 
terminal  countdown  and  immediately  following  the  engine  firing. 

SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  TEST  SUMMARY 

I 

Seven  firings  of  the  Rocketdyne  J-2S  rocket  engine  were  conducted  during  test 
periods  J4-1902-13  through  15  between  May  15  and  June  4,  1969.  Pressure  altitudes  at 
engine  start  ranged  from  94,000  to  99,000  ft 

The  major  objective  of  these  test  periods  was  to  determine  a  method  of  increasing 
fuel  turbine  inlet  temperatures  in  order  to  prevent  turbine  icing  (as  experienced  during 
firings  reported  in  Ref.  2)  and  attain  stable  high  thrust  idle-mode  operation.  A  secondary 
objective  was  to  demonstrate  post-main-stage  transition  to  low  thrust  idle  mode.  Fuel 
turbine  inlet  temperature  was  increased  by  increasing  injector  oxidizer-to-fuel  mixture 
ratio.  This  mixture  ratio  increase  was  accomplished  by  variations  in  pump  inlet  pressures, 
thrust  chamber  fuel  bypass  flow,  propellant  utilization  valve  position,  and  main  oxidizer 
valve  first-stage  position.  The  hot  gas  tapoff  valve  open  position  was  increased  from  53  to 
59  deg  for  all  three  test  periods.  It  should  be  noted  that  mixture  ratios  quoted  herein  are 
obtained  from  propellant  flow  rates  through  the  injector,  exclusive  of  fuel  film  coolant 
flow. 
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Test  requirements  and  specific  test  results  are  summarized  in  Table  VI.  Start  and 
shutdown  transient  operating  times  for  selected  engine  valves  are  presented  in  Table  VII. 
Figure  8  depicts  engine  start  conditions  for  propellant  pump  inlets  and  helium  tank.  Main 
chamber  and  test  cell  ambient  pressures,  injector  oxidizer-to-fuel  ratio  and  total 
propellant  weight  flow,  propellant  feed  system  performance  and  thrust  chamber 
chilldown  data  for  all  firings  are  presented  in  Figs.  9  through  36.  Data  presented  in 
subsequent  sections  are  from  the  digital  data  acquisition  system,  except  where  indicated 
otherwise.  Primary  test  variables  and  results  are  summarized  in  the  following  table: 


Firing  J4- 1902- 

13  A' 

14A 

14B 

14C 

15A 

15B 

15C 

High  thrust  idle¬ 
mode  duration,  sec 

12.5 

13.8 

13.8 

13.8 

13.8 

13.7 

13.7 

Oxidizer  pump  inlet 
pressures,  psia 

38.9 

45.9 

39.1 

39.0 

38.9 

33.2 

31.8 

Fuel  pump  inlet 
pressures,  psia 

37.4 

39.3 

38.9 

38.6 

39.8 

32.8 

27.1 

MOV  first  stage 
position,  deg 

11 

11 

11 

11 

12 

12 

12 

T/C  fuel 
bypass  orifice 
diameter,  in. 

1.50 

Closed 

Closed 

Closed 

None 

Installed 

None 

Installed 

None 

Installed 

Propellant 
utilization 
valve  position 

Null! 

Null 

Null 

Closed 

Null 

Null 

Null 

Oxidizer 
turbine  inlet 
temperature,  °F 

60 

95 

80 

90 

90 

85 

'45 

Fuel 

turbine  inlet 
temperature,  °F 

120 

190 

160 

180 

175 

175 

85 

Injector 

O/F  Ratio 

1.73 

1.93 

1.94 

2.02 

1.88 

1.88 

1.60 

Maximum  chamber 
pressure  attained, 
psia 

260 

270 

250 

295 

310 

300 

300 

Chamber  pressure 
decay,  psi/sec 

7 

None 

None 

None 

None 

None 

13 
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42  TEST  RESULTS 
4.Z1  Firing  13A 

The  objective  of  this  firing  was  to  determine  the  effects  of  fuel  bypass  flow 
resulting  from  a  1.50-in.  thrust  chamber  bypass  orifice  and  an  11-deg  main  oxidizer  valve 
first-stage  position  on  high  thrust  idle-mode  operation.  Stable  high  thrust  idle-mode 
operation  was  not  attained  with  these  test  conditions.  Main  chamber  pressure  attained  a 
maximum  of  260  psia  with  a  decay  rate  thereafter  of  7  psi/sec.  Fuel  and  oxidizer  turbine 
inlet  temperatures  were  120  and  60°F,  respectively,  at  an  injector  oxidizer-to-fuel  ratio  of 
1.73  after  12.5  sec  of  high  thrust  idle-mode  operation.  Analysis  of  fuel  and  oxidizer 
turbine  performance  indicated  that  conditions  were  present  in  the  oxidizer  turbine  which 
would  support  ice  formation  as  shown  in  Fig.  37. 

42.2  Firing  14A 

The  objective  of  this  firing  was  to  determine  the  effect  of  zero  thrust  chamber 
bypass  flow  and  1 1-deg  main  oxidizer  valve  First-stage  position  on  high  thrust  idle-mode 
operation.  Stable  high  thrust  idle-mode  operation  was  attained  at  a  main  chamber 
pressure  of  270  psia.  Fuel  and  oxidizer  turbine  inlet  temperatures  were  190  and  95°F, 
respectively,  at  an  injector  oxidizer-to-fuel  mixture  ratio  of  1.93  after  13.8  sec  of  high 
thrust  idle-mode  operation. 

4Z3  Firing  14B 

The  objective  of  this  firing  was  to  determine  the  effect  of  reducing  oxidizer  pump 
inlet  pressure  on  high  thrust  idle-mode  operation.  Stable  high  thrust  idle-mode  operation 
was  attained  at  a  main  chamber  pressure  of  260  psia.  The  effect  of  oxidizer  pump  inlet 
pressure  reduction  on  high  thrust  idle-mode  operation  can  be  seen  by  the  following 
comparison.  The  data  presented  are  after  approximately  13  sec  of  high  thrust  idle-mode 
operation. 


14A  14B  Results 


Oxidizer  pump  inlet  pressure,  psia 

45.9 

39.1 

Fuel  pump  inlet  pressure,  psia 

39.3 

38.9 

Main  chamber  pressure,  psia 

270 

250 

20-psi  decrease 

Injector  mixture  ratio,  O/F 

1.93 

1.94 

0.01  increase 

Fuel  turbine  inlet  temperature,  °F 

190 

160 

30°F  decrease 

Oxidizer  turbine  inlet 
temperature,  °F 

95 

80 

15°F  decrease 
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4.Z4  Firing  14C 

The  objectives  of  this  firing  were  to  determine  the  effect  of  closing  the  propellant 
utilization  valve  on  high  thrust  idle-mode  operation  and  transition  from  main-stage  to  low 
thrust  idle-mode  operation.  Stable  high  thrust  idle-mode  operation  was  attained  at  a  main 
chamber  pressure  of  295  psia.  The  effect  of  propellant  utilization  valve  position  on  high 
thrust  idle-mode  operation  can  be  seen  by  the  following  comparison.  The  data  presented 
are  after  approximately  13  sec  of  high  thrust  idle-mode  operation. 


14B 

14C 

Results 

Propellant  utilization  valve  position 

Null 

Closed 

Oxidizer  pump  inlet  pressure,  psia 

39.1 

39.0 

Fuel  pump  inlet  pressure,  psia 

38.9 

38.6 

Main  chamber  pressure,  psia 

250 

295 

45-psi  increase 

Injector  mixture  ratio,  O/F 

1.94 

2.02 

0.08  increase 

Fuel  turbine  inlet  temperature,  °F 

160 

180 

20°  F  increase 

Oxidizer  turbine  inlet  temperature,  °F 

80 

90 

10°F  increase 

4.Z5  Firing  15A 

The  objective  of  this  firing  was  to  determine  the  effect  of  maximum  thrust 
chamber  bypass  flow  (attained  by  removing  the  bypass  line  orifice)  and  increasing  the 
main  oxidizer  valve  second-stage  position  to  12  deg  on  high  thrust  idle-mode  operation. 
Stable  high  thrust  idle-mode  operation  was  attained  at  a  main  chamber  pressure  of  310 
psia.  Fuel  and  oxidizer  turbine  inlet  temperatures  were  175  and  90°F,  respectively,  at  an 
injector  mixture  ratio  of  1.88  after  13.8  sec  of  high  thrust  idle-mode  operation.  The 
combined  effect  of  main  oxidizer  valve  first  stage  position  change  and  increase  in  fuel 
bypass  flow  may  be  seen  in  the  following  table: 

14B 

15A 

Results 

Main  oxidizer  valve  first- 
stage  position,  deg 

11 

12 

Fuel  bypass  orifice  size,  in. 

2.000 

Open 

line 

Oxidizer  pump  inlet  pressure,  psia 

39.1 

38.9 
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14B 

15A 

Results 

Fuel  pump  inlet  pressure,  psia 

38.9 

39.8 

Main  chamber  pressure,  psia 

250 

310 

60-psi  increase 

Injector  mixture  ratio,  O/F 

1.94 

1.88 

0.06  decrease 

Fuel  turbine  inlet  temperature,  °F 

165 

178 

13°F  increase 

Oxidizer  turbine  inlet 
temperature,  °F 

80 

90 

10°F  increase 

4.26  Firing  15B 

The  objective  of  this  firing  was  to  determine  the  effect  on  high  thrust  idle-mode 
operation  of  a  low  oxidizer  pump  inlet  pressure  (33  psia)  and  a  nominal  fuel  pump  inlet 
pressure  (33  psia).  Stable  high  thrust  idle-mode  operation  was  attained  at  a  main  chamber 
pressure  of  300  psia.  Inlet  temperatures  were  175°F  for  the  fuel  turbine  and  55°F  for 
the  oxidizer  turbine.  Injector  oxidizer-to-fuel  mixture  ratio  was  1 .88. 

4.27  Firing  15C 

The  objective  of  this  firing  was  to  determine  the  effect  of  minimum  oxidizer  and 
fuel  pump  inlet  pressures  on  high  thrust  idle-mode  operation.  Stable  high  thrust 
idle-mode  operation  was  not  attained.  Main  chamber  pressure  attained  a  maximum  of  300 
psia  with  a  decay  rate  of  13  psi/sec  thereafter.  Analysis  of  fuel  and  oxidizer  turbine  data 
indicate  oxidizer  turbine  idng  was  the  cause  of  this  pressure  decay  (Fig.  38). 

4.3  HIGH  THRUST  IDLE  MODE  OPERATION 

Six  previous  high  thrust  idle-mode  firings  have  been  made  at  altitude  conditions 
and  are  described  in  Ref.  2.  Three  of  these  firings  were  successful,  and  the  other  three 
experienced  a  significant  decay  in  main  chamber  pressure  after  transition  to  high  thrust 
idle  mode.  On  firings  which  experienced  chamber  pressure  decays,  turbine  inlet  and 
exhaust  gas  temperatures  were  low  enough  to  allow  formation  of  ice  in  the  turbines.  As  a 
result  of  the  ice  formation  on  these  previous  firings,  the  main  objective  of  test  periods 
13,  14,  and  15  was  to  develop  conditions  to  prevent  ice  formation  in  the  turbine  system 
by  increasing  engine  mixture  ratio  and  the  resultant  tapoff  gas  temperature.  Several 
methods  were  used  to  vary  mixture  ratio.  These  methods  included:  (1)  changing  pump 
inlet  pressures,  (2)  varying  thrust  chamber  fuel  bypass  flow,  (3)  varying  propellant 
utilization  valve  position,  and  (4)  increasing  main  oxidizer  valve  first-stage  position.  Also 
for  the  firings  reported  herein,  tapoff  valve  gate  open  position  was  increased  from  53  to 
59  deg  The  effect  on  mixture  ratio  of  the  previously  mentioned  variables  are  discussed  in 
Section  4.2. 
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The  influence  injector  mixture  ratio  has  on  both  fuel  and  oxidizer  turbine  inlet 
temperatures  is  shown  in  Fig.  37.  The  temperatures  and  mixture  ratios  shown  were  those 
observed  just  before  transition  to  main  stage  or  engine  cutoff.  Mixture  ratios  are  in  the 
range  from  1.46  to  2.02  and  resulted  in  turbine  inlet  temperatures  ranging  from  72  to 
142°F  (fuel),  and  from  38  to  9S°F  (oxidizer).  Firings  with  fuel  turbine  inlet 
temperatures  below  140°F  (firings  13A,  15C,  and  12A)  experienced  a  decay  in  main 
chamber  pressure.  Stable  high  thrust  idle-mode  operation  occurred  on  the  remaining  seven 
firings.  Analysis  of  fuel  and  oxidizer  turbine  temperatures  on  firings  13A  and  15C  (Figs. 
38  and  39)  indicate  conditions  existed  which  were  conducive  to  ice  formation.  Turbine 
performance  parameters  for  these  firings  showed  that  ice  formed  in  the  oxidizer  turbine 
on  test  15C. 

Fuel  turbine  inlet  temperature  decreased  during  low  thrust  idle  mode  on  all 
firings.  This  was  attributed  to  a  leaking  tapoff  valve.  The  leakage  resulted  in  fuel  turbine 
inlet  temperatures  ranging- from  -40  to  -150°F  just  before  transition  to  main  stage.  It  is 
not  known  what  effect  this  leakage  has  on  turbine  icing. 

Detonations  were  observed  to  occur  in  the  oxidizer  dome  on  all  firings  during 
transition  from  low  thrust  to  high  thrust  idle-mode  operation.  These  detonations  resulted 
in  engine  vibrations  in  excess  of  150  g  for  very  Short  durations  (2  to  3  msec)  on  three 
firings  (13A,  15 A,  and  15B).  This,  however,  did  not  appear  to  have  any  adverse  effects 
on  engine  operation,  or  result  in  damage  to  any  engine  components. 

4.4  POST-MAIN-STAGE  LOW  THRUST  IDLE  MODE 

A  successful  transition  from  main  stage  to  low  thrust  idle  mode  was  made  for  the 
first  time  during  firing  14C.  Other  successful  transitions  were  made  on  firings  15A  and 
15B.  Engine  ambient  and  combustion  chamber  pressures,  propellant  feed  system 
performance,  and  thrust  chamber  and  injector  temperatures  for  the  post-main-stage  low 
thrust  operating  periods  are  shown  in  Figs.  40  through  48.  As  shown  in  these  figures, 
post-main-stage  low  thrust  idle  mode  differs  markedly  from  pre-main-stage  low  thrust  idle 
mode;  it  is  similar  to  an  extended  shutdown  transient.  From  6  to  10  sec  are  required  for 
chamber  pressure  to  return  to  a  steady-state  pre-main-stage  low  thrust  idle-mode  level.  It 
should  also  be  noted  from  Fig.  49  that  the  head  rise  across  both  fuel  and  oxidizer  pumps 
also  requires  from  6  to  10  sec  to  approximate  a  pre-main-stage  head  rise  level. 

4.5  ENGINE  SIDE  LOADS 

No  significant  post-main-stage  idle-mode  side  forces  were  experienced.  Side  load 
data  recorded  during  firing  14C  are  presented  in  Fig.  50.  These  data  are  representative  for 
all  firings  reported  herein.  Side  loads  experienced  were  normal  and  consistent  with  those 
recorded  on  previous  firings.  Post-main-stage  low  thrust  idle-mode  side  forces  are 
essentially  identical  to  pre-main-stage  values  (less  than  100  lbf). 
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SECTION  V 

SUMMARY  OF  RESULTS 

The  results  of  the  seven  firings  of  the  Rocketdyne  J-2S  rocket  engine  (S/N 
J-112-1C)  conducted  during  test  periods  J4-1 902-13  through  -15  between  May  15  and 
June  4,  1969,  to  determine  a  method  of  increasing  fuel  turbine  inlet  temperature 
sufficient  to  prevent  turbine  icing  and  attain  stable  high  thrust  idle-mode  operation,  are 
summarized  as  follows: ' 

1.  Injector  oxidizer-to-fuel  mixture  ratio  was  varied  from  1.52  to  2.02; 
this  resulted  in  turbine  inlet  temperatures  being  increased  from  85  to 
190°F  for  the  fuel  turbine  and  from  45  to  95°F  for  the  oxidizer 
turbine. 

2.  Steady-state,  high  thrust  idle-mode  operation  was  attained  on  five  of 
the  seven  firings  with  fuel  turbine  inlet  temperature  above  160°F 
(firings  14 A,  15B,  14C,  15A,  and  15B). 

3.  Steady-state  high  thrust  idle-mode  operation  was  not  attained  on  two 
firings  with  fuel  turbine  inlet  temperatures  below  120°F  (firings  13A 
and  15C). 

4.  Post-main-stage  low  thrust  idle-mode  operation  was  successfully 
demonstrated.  It  appears  to  require  from  6  to  10  sec  to  approximate  a 
pre-main-stage  pump  head  rise  level  and  attain  a  steady-state  chamber 
pressure. 

5.  No  significant  post-main-stage  idle-mode  side  forces  were  experienced 
(less  than  100  lbf). 
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Fig.  9  Engine  Ambient  and  Combustion  Chamber  Pressures,  Firing  13A 
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Fig.  10  Engine  Total  Propellant  Flow  Rate  and  Injector  Mixture  Ratio,  Firing  13A 
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Fig.  13  Engine  Ambient  end  Combustion  Chamber  Pressures,  Firing  14A 
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Fig.  14  Engine  Total  Propellant  Row  Rate  and  Injector  Mixture  Ratio,  Firing  14A 
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Fig.  18  Engine  Total  Propellant  Flow  Rate  and  Injector  Mixture  Ratio,  Firing  14B 
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Fig.  19  Propellant  Feed  System  Performance,  Firing  14B 
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Fig.  20  Thrust  Chamber  and  Injector  Chilldown  Characteristics,  Firing  14B 
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Fig.  23  Propellant  Feed  System  Performance,  Firing  14C 
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Fig.  24  Thrust  Chamber  and  Injector  Chilldown  Characteristics,  Firing  14C 
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Fig.  25  Engine  Ambient  and  Combustion  Chamber  Pressures,  Firing  15A 
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Fig.  27  Propellant  Feed  System  Performance,  Firing  15A 
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Fig.  28  Thrust  Chamber  and  Injector  Chilldown  Characteristics,  Firing  15A 
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Fig.  29  Engine  Ambient  and  Combustion  Chamber  Pressures,  Firing  15B 
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Fig.  31  Propellant  Feed  System  Performance,  Firing  15B 
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Fig.  32  Thrust  Chamber  and  Injector  Chilldown  Characteristics,  Firing  15B 
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Fig.  33  Engine  Ambient  and  Combustion  Chamber  Pressures,  Firing  15C 
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Fig.  34  Engine  Total  Propellant  Flow  Rate  and  Injector  Mixture  Ratio,  Firing  15C 


53 


PRESSURE.  PSIR  PRESSURE.  PS 10 


AEOC  TR-70-122 


b.  Oxidizer 

Fig.  35  Propellant  Feed  System  Performance,  Firing  15C 


TIME,  SEC 


Fig.  36  Thrust  Chamber  and  Injector  Chilldown  Characteristics,  Firing  15C 
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Fig.  37  Mixture  Ratio  Influence  on  Turbine  inlet  Temperatures 
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Fig.  38  Turbine  Performance,  Firing  13A 
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Fig.  39  Turbine  Performance,  Firing  15C 
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Fig.  41  Post-Main-Stage  Low  Thrust  tdle-Mode  Propellant  Feed  System 
Performance,  Firing  14C 
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Fig.  42  Post-Main-Stage  Low  Thrust  Idle-Mode  Thrust  Chamber 
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Fig.  43  Post-Main-Stage  Low  Thrust  Idle-Mode  Chamber  and  Engine 
Ambient  Pressures,  Firing  ISA 
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Fig.  44  Post-Main-Staga  Low  Thrust  Idle-Mode  Propellant  Feed  System 
Performance,  Firing  15A 
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Fig.  45  Post-Main-Stage  Low  Thrust  Idle-Mode  Temperature  Transients,  Firing  15A 
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Fig.  46  Post-Main-Stage  Low  Thrust  Idle-Mode  Chamber  and  Engine  Ambient  Pressures,  Firing  15B 
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Fig,  47  Post-Main- Stage  Low  Thrust  Idle-Mode  Propellant  Feed  System 
Performance,  Firing  156 
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Fig.  48  Post-Main-Stage  Low  Thrust  Idle-Mode  Thrust  Chamber  Temperature  Transients,  Firing  15B 
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a.  Firing  14C 

Fig.  49  Pump  Head  Rise  during  Post-Main- Stage  Low  Thrust  Idle  Mode 
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c.  Firing  15B 
Fig.  49  Concluded 
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Fig.  50  Representative  Post-Main-Stage  Low  Thrust  Idle-Mode  Side  Forces 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 
(Effective  Test  J4- 1902-13,  -14,  and  -15) 


Part  Name 


P/N 


Thrust  Chamber  Body  Assembly 
Thrust  Chamber  Injector  Assembly 
Augmented  Spark  Igniter  Assembly 
Ignition  Detector  Probe  1 
Ignition  Detector  Probe  2 
Fuel  Turbopump  Assembly 
Oxidizer  Turbopump  Assembly 
Main  Fuel  Valve 
Main  Oxidizer  Valve 
Idle -Mode  Valve 
Thrust  Chamber  Bypass  Valve 
Hot  Gas  Tapo££  Valve 
Propellant  Utilization  Valve 
Electrical  Control  Package 
Engine  Instrumentation  Package 
Pneumatic  Control  Package 
Restart  Control  Assembly 
Helium  Tank  Assembly 
Oxidizer  Flowmeter 
Fuel  Flowmeter 
Fuel  Inlet  Duct  Assembly 
Oxidizer  Inlet  Duct  Assembly 
Fuel  Pump  Discharge  Duct 
Oxidizer  Pump  Discharge  Duct 
Thrust  Chamber  Bypass  Duct 
Fuel  Turbine  Exhaust  Bypass  Duct 
Hot  Gas  Tapoff  Duct 
Solid-Propellant  Turbine 
Starters  Manifold 
Heat  Exchanger  and  Oxidizer 
Turbine  Exhaust  Duct 
Crossover  Duct 


99-210620 
99-210610-71 
EWR1 13811-21 
3243-2 
3423-1 

99-461500-31 

99-460430-21 

00-411320X3 

00-411225X4 

99-411385 

99-4  111 80-X1 

99-557824-X2 

99-251455X5 

99-503670-11 

99-704641 

99-55B330 

99-503680 

NA5-260212-1 

251216 

251225 

409900-11 

409899 

99-411082-7 

99-411082-5 

99-411079 

307879-11 

99-411808-51 

99-210921-11 

307887 

307879 


P/N 


4094439 

4087381 

4901310 

016 

003X 

R004-1A 

S003-0A 

8900881 

8900929 

8900867 

8900954 

8900847 

8900911 

4097588 

4097437 

8900817 

4097867 

0002 

4096874 

4096875 

6631788 

4052289 

439 

439 

439 

2143580 

7239768 

7216433 

2142922 

2143592 


71 


TABLE  II 

SUMMARY  OF  ENGINE  ORIFICES 


Orifice  Name 

Part 

Diameter, in. 

Test 

Effectivity 

Comments 

Augmented  spark 
igniter  fuel 
supply  line 

J4-1 902-05 

Open  Line 

Augmented  spark 
igniter  oxidizer 
supply  line 

99-652050 

0.0999 

J4-1902-05 

Film  coolant 
flow 

0.581 

J4-1902-08 

EWR  121099 

Thrust  chamber 
bypass  line 

99-406384 

1.500 

2.000 

J4-1902-13 

J4-1902-14 

J4-1902-15 

EWR  121504 

EWR  121512 

EWR  121520  open  line 

Oxidizer  turbine 
bypass  nozzle 

99-210924 

1.996 

J4-1902-05 

Film  coolant 
venturi 

1.027  inlet 
0.744  throat 

J4-1902-05 

CD  =  0.97 

Oxidizer  idle- 
mode  line 

99-411092 

0.900 

J4-1902-1 1 

EWR  121684 

AEDC-TR-70-122 
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TABLE  III 

ENGINE  MODIFICATIONS 
(Between  Test  J4-1902-12  and  -15) 


Modification 

Completion 

Date 

Description  of 
Modification 

Test  J4-1902-12 

EWR  121505 

5/13/69 

Installation  of  1.326-in. 
tapoff  valve  stop 

EWR  121504 

5/13/69 

Installation  of  1.500-in. 
fuel  bypass  orifice 

Test  J4-1902-13 

EWR  121512 

5/19/69 

Installation  of  2.000-in. 
fuel  bypass  orifice 

Test  J4-1902-14 

EWR  121518 

5/16/69 

Change  main  oxidizer  valve 

1 

11  to  12  deg 

EWR  121520 

5/26/69 

Removal  of  2.000-in.  fuel 
bypass  orifice 

Test  J4-1902-15 
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TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS 
(Between  Test  J4-1902-12  and  -15) 


Replacement 

Completion 

Date 

Component  Replaced 

Test  J4-1902-12 

None 

Test  J4-1902-13 

None 

• 

Test  J4- 1902- 14 

None 

Test  J4-1902-15 
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TABLE  V 

ENGINE  PURGE  SEQUENCE 


<SI 


•Engine- supplied  liquid-oxygen  pump  intermediate  seal  cavity  purge 
••Anytime  facility  water  is  on 
t30  min  before  propellant  drop 

ttlnitiate  MFV  conditioning  30  min  before  engine  start  for  those  firings  with  temperature  requirements 
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TABLE  VI 

SUMMARY  OF  TEST  REQUIREMENTS  AND  RESULTS 


<i 

os 


|  Hrlof  Makar 

M-1M9-U1  H  J 4-1I03- HA 

1  14-1902-140 

J4-U01-14C 

J4-1009-1M  ||  J4-M01-1SO 

J4-1009-19C  l 

Tare at  1  Actual 

Taroat  1  Aatual^ 

llrlii  Dttl/TllM  of  Day 

9/11/ 09  - ' - 

|  ^  11*41 

9/a/oi  ^ — - - 

10:19 

0/4/M  _ _ , _ _ 

^  11:01 

I'm  1 

4/4/08 

— " -  11:11 

Oraaaara  iltttudi  it  t,,.  ft  rill.  1) 

100.000 

1  04,700  ||  100.000 

03.400 

100,000 

■  7,000 

100,000 

01,000 

100,000 

BO,  000 

100,000 

>4,000 

100,000 

09.000 

10 

iDBB 

to 

*0.500 

90 

■0.007 

00 

90.107 

10 

BO. 070 

10 

10.703 

_ 10 

fto.Tia 

||  Bifk  Amt  X41a*Mad«  Darmtl tm.  aao* 

10 

11.107 

1* 

U.SLfl 

11 

11.911 

IB 

11.713 

11 

19. TIB 

IS 

19.710 

10 

13. 721 

|  MllJIU(«  DvntlM,  no* 

I 

3.431 

A 

0.4M 

0 

7.100 

o 

7.009 

1 

0.017 

B 

B.BOT 

1 

1.100 

ft  Jfl1' 

— 

— 

— 

— 

— 

— 

• 

0.110 

T 

7.  MO 

10 

0.019 

-- 

— 

tap  lalat  rnwin  at  tQ,  pal* 

40  t  1 

97.4 

40  4  1 

10.1 

If  ft  1 

M.O 

*1  ft  1 

90.0 

40  *  1 

2B.B 

01  ft  1 

11.0 

\mtm 

_ UuL _ 

Mai  tap  lalat  Twptritir*  at  t„.  f 

— 

H  —  _ 

-377.1 

— 

-910.4 

— 

-107.7 

— 

-400.0 

— 

-lll.B 

- 

EH 

Paal  Taak  Balk  Taaparmtora  at  tp.  'F 

-Ml  4  0.4 

-481. • 

E 

-411.1 

51  111 

-413.3 

-411. B 

pm 

mm 

H3SSS 

-4*1.1 

Oxldlaar  tap  lelat  Praarara  at  to,  pat ■ 

SB  *  1 

90.0 

49  «  1 

41.0 

if**  i 

00.1 

S3  *  1 

00.0 

SO  "  1 

00.0 

33  f  1 

Sl-7 

33  »  1 

11-0 _ 

Oollloar  tap  lalat  Tvparatara  at  tp,  *F 

— 

-m.o 

— 

-M«,B  . 

— 

-170.6 

_ 

-170. • 

— 

-107. ■ 

— 

-103.0 

WM4.1 

0x14  laar  Taak  Balk  Tnpantin  at  t^,  *p 

-Ml  ft  0.4 

-100.0 

-391  ft  0.4 

-104.1 

-101  ft  0.4 

-Ml.O 

SOTH 

-MS.l 

-399.1 

-190.1 

-MB  ft  0.4 

"104.1 

taldlaar  k>v  Mario*  Tacp.  kafora  tp,  7 

_ 

•IH.I 

-190.4 

- 

•171.1 

-100  *  to 

-ITT 

-10O  ft  30 

-108 

Kalioa  Taak  Pr— aura  at  tp,  pala 

— 

1101 

S4SO 

1110 

I33B 

■on 

a  '"'I'm 

■  .  ml  LM 

1009 

0490 

Bill 

-IBM 

3401 

■altm  Tank  Tapritwi  at  tp,  7 

— 

110 

— 

119 

un 

— 

03 

— 

194 

BO 

_ 

TO 

|  tapallaot  Ctlllaatloa  Taira  taltlok  at  ^ 

■oil 

loll  U  mu 

■Oil 

Null 

MU 

Mil 

MU 

Mil 

Hull 

_  MU 

MU 

Mil _ 

— 

-  1  --- 

— 

— 

— 

■PCTB 

l£23mm 

— 

— 

— 

•OtU  rad«a<  (n  wellleptyli 
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TABLE  VII 

ENGINE  VALVE  TIMINGS 


TeOt 

J4-1903- 

rirlan 

■nln  fuel  Valve 

Idle— Node 

Hot  Gan 

Tnpeff  Vale* 

■ela  Oil diner  Valve 

first  Stic* 

Male  Oxl dicer  Valva 
Second  Stage 

Thrnet  Ctikabi'r 
Sypn**  Velve 

EH 

E5EB 

1235 

Vn  Iva 
Dalny 
Tine, 
etc 

Valvo 

Openloa 

Tin*, 

*  nvc 

Tine 

of 

Open In* 
signal 

Velve 
Do  ley 
Tine, 
nac 

Valve 

Opening 

Tine, 

enc 

M 

Valve 

Delay 

Tine, 

ece 

Velve 

Opeeinv 

Tine, 

nac 

Tin* 

nf 

Opening 
■1 gnal 

Valvo 
Dal  ay 
Tins, 
enc 

Talvn 

Opening 

Tina, 

ecc 

Tina 

of 

Openln* 

Slgnel 

Valve 

Dalny 

Tine, 

nac 

Valve 

Openle* 

Tine, 

eec 

QqQI 

Valve 

Delay 

Tine. 

nan 

Valve 

'loving 

Tina, 

aec 

IS 

“Fifin 

Benue now 

0 

BE 

ram 

0 

I  win 

CS3 

mu 

rair 

at!  W 

,wn 

I'W'I  [ 

min 

inna 

EBB 

ram 

tmr* 

ram 

Hfffl 

A 

0 

BBS 

XEJ 

0 

nun 

rrm 

rrm 

rwr 

KE 

nra 

STV91 

ETNffll 

ff^rw 

bp 

nra 

14 

n 

^^m 

o 

Wfffl 

m 

raff 

^PSI 

iram 

NTffH 

HBl 

raw 

WF*& 

Mam 

0 

ran 

ram 

0 

ram 

ff!Nm 

rar 

ff^m 

EE? 

jW|al 

mm 

eimi 

1. 

am 

■ 

0 

ram 

*W"  1 

0 

HT 

f?.NBl 

Di  .. 

fftffi 

EE! 

F^rai 

WFffl 

ranm 

ffWffN 

raP 

HS1 

-  0 

nrn 

ram 

~  0 

ram 

rum 

HH 

raim 

raff 

iram 

mm 

fra^w 

nmn 

IW1 

IK 

sumM 
w  m 

0 

rag 

ram 

0 

rum 

raw 

-fPB 

rm 

PffTI 

mm 

BIBl 

sra 

* 

0 

m 

0 

NTH 

R99 

30.388 

wpn 

nm 

HWW 

522 

• 

0 

i-e?  i  i 

ram 

0 

ram 

rsm1 

raff 

raffll 

urn 

NTffl 

mm 

PWTB 

HP 

WfTTt 

c 

0 

raw 

ram 

0 

nm 

E233' 

ESQ 

■v'nl 

mm 

mg? 

wszn 

ffWffl 

CSC 

asm 

rrm 

am 

wwm 

Teet 

J4— iaox— 

Firing 

SHUTDOWN  1 

■eln  Oaidlaar  Valve 

Hot  Gae 

Tepoff  Valva 

Naio  Jual  Valve 

Id 1« -Soda 

Oaldlser  Velve 

Threat  Chamber 

By pan*  Velve 

Tim 

of 

Cloalng 

Signal 

Valva 

Delay 

Tine, 

eec 

Valva 

Cloalni 

Tlx, 

aoc 

uca 

Valva 

Delay 

Tine, 

eec 

Valve 

Cloning 

Tina, 

eec 

1 

Valve 

Cl  owing 
Tina, 
aac 

Tlx 

nf 

Closing 

Signal 

Valva 

Delay 

fine. 

aac 

mm 

zmn  i 

1231 

1 

B 

eT*TM 

13 

Pto-iaH 

1  1  1  M 

feWftl 

O.0T3 

■ra 

n m 

ip 

^ra 

rorm 

ESQ 

ram 

rang 

EE 

K2dQ 

i't  H  1L1 

HITT 

NVBl 

rag 

ram 

ram 

14 

GE3 

WTB 

ean 

BJ3J 

EB~? 

1EH1 

ITT 

SWffl 

mmm 

mffi 

HP 

BR3'C^31 

EBB 

BBB 

■8S 

ER? 

TE9 

p^raw 

H 

rural 

am 

Ed  EHC9 

HS 

itw 

BEI 

Biffi 

■TBSS 

HC 

2555^5 

EH5i 

S3 

?wm 

C. 

ram 

iraniEWP 

IT! 

ESH 

ora 

IBP 

RBB 

13 

EWffl 

hp 

swim 

EE3 

warn 

0.O8S 

era 

HB 

BBB 

A 

ETTffl 

nra 

EE3 

WWW 

0.0G8 

HPH 

HSB1 

■13 

H 

rmrwi 

mm 

ram 

US, Ml 

on 

L\U 

rami 

BS 

ITWfB 

R3 

?  mm 

rara 

C 

EO 

ona 

EBZI 

'rrm 

^2E3I 

rar? 

wwm 

mm 

ram 

■■ 

_ 

■li 

Notes:  1.  All  »elw  elaoftl  tinea  ere  referenced  to  tQ. 

I.  Valvo  delay  tine  la  the  tlae  required  for  lnltisl  nln  aoveaant  efter  tbn  velve  opee  or  closed  solenoid  hae  boon  easrglend. 

3.  final  eequaoca  cheek  le  conducted  without  propellent*  ud  within  13  hr  before  tee tin*. 

4.  Dete  arc  reduced  from  o*clllo*raa. 
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APPENDIX  III 
INSTRUMENTATION 

The  instrumentation  for  AEDC  tests  J4- 1902- 13  through  J4- 1902- 15  is  tabulated 
in  Table  III-l.  The  location  of  selected  major  engine  instrumentation  is  shown  in  Fig. 
ra-i. 
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vo 


TECP-IP 

(NST-U  ) 

TFDMFVA 


FIRE  DETECTION  THERMOCOUPLES 

TFDMOVA— | 


a.  General  Arrangement 
Fig.  111-1  Selected  Sensor  Locations 


TI&T2 


AEDC-TR-70-122 


b.  Fuel  Turbopump  Sensor  Locations 
Fig.  lli-1  Continued 


PFPBC 

(PF5) 


AEDC-TR-70-122 


p^— QF-I&3 


UFPR 

(PZA1 ) 


(PFF) 

PFPD-IP 

PFPD-IL 

(PF3 ) 


QF-2 

(PFFA) 


UFTR 

trzA) 


QFBD 


c.  Fuel  System  Sensor  Locations 
Fig.  til-1  Continued 
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(F2A1 )  ✓ 
/ 

/ 

l  13 


POASIJ- 

PQASIJ-L 


POJ-1 

(C03) 

PC-1P- 

(CGl) 

TFJ-2  - 

(CFT2a) 


Chamber  Sensor  Locations 


I.  111-1  Continued 


PHEA- 

(NN-3) 


PHRO-IP 

(NN2 ) 
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I.  Fuel  Turbine  Sensor  Locations 
Fig.  111-1  Continued 


90 


AEDC -TR-70-122 


m.  Oxidizer  Turbine  Sensor  Locations 
Fig.  111-1  Continued 
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View  Looking 
Downstream 

Thrust  Chamber  Exit 


n.  Side  Load  Forces  Sensor  Locations 
Fig.  1 1 1-1  Continued 


TO  VENT 


■TFD-AVG 


z 
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q.  S-IVB  Battleship  Sensor  Locations 
Fig.  lil-1  Concluded 
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TABLE  111-1 

INSTRUMENTATION  LIST 


Digital 

HEOC  Data  Magnetic  Oeclllo* 


Coda 

Pariaatar  Tap 

Byatea 

Tape  graph 

Current,  lap 

ICC 

Control 

0  to  20 

X 

IIC 

Ignition 

0  to  M 

X 

Evant 

EASIS-1 

Augmented  Spark  Igniter 

1  Spark 

Oe/Off 

EA5II-2 

Augnentod  Spark  Ignites 

S  Spark 

On /Off 

KECL 

Engine  Cutoff  Lock in 

On/Off 

■ 

X 

EECO 

Engine  Cutoff  signal 

On/Off 

X 

X 

Eogina  Ready  Signal 

On/Off 

EES 

Bogina  Staat  Coawaod 

Dn/off 

X 

X 

EES  CO 

Programed  Duration  Cutoff 

On/Off 

epb vo 

Fuel  Bleed  Valve  'ipen 

Unit 

On/ftff 

Errco 

fuel  Pop  Oveaapead 

Cutoff 

On /Off 

EPPVC 

Fuel  F ravel  vo  Cloned  Licsik 

On /Off 

X 

EfPVO" 

ruol  Pea valve  Open  Limit 

On /Off 

X 

zzca 

uoiim  control  solenoid 

Energised 

on/off 

X 

X  X 

EilGTC 

Hot  Gas  Tapoff  Valve 

Cloaad  Limit 

On/Off 

EHC7TO 

Hot  Gaa  Tapoff  Valve 

Open  Limit 

On/Off 

EID 

Ignition  Detected 

Dn/Off 

X 

X 

CIDfc' 1 

Ignition  Detect  Axpllfler  1 

On /Off 

EIDA-2 

ignition  Detect  Amplifier  2 

on/off 

KNCS 

Idle-Mode  Control  Solenoid 

Ena rg lead 

on/off 

a 

X 

DIMVC 

Id la -Mode  Valve  Cloeed 

Llalt 

(In/Off 

BZMVO 

Idle -Mode  VBlve  Open  LUlt 

On/Off 

BCL 

Hein- Stage  Cutoff  Lockin 

on/off 

X 

a 

ENCO 

Main 'Stage  Cutoff  Signal 

On/Off 

X 

e 

BNC8 

Main-stage  Control  Solenoid 

On/Off 

X 

■ 

DO-1 

Main  Stage  1  «•«*• 

On /Off 

a 

■ 

D1D>2 

Main  Stage  2  **0K** 

Deproeeurland 

On/Off 

X 

■ 

ENfVC 

Main  Poet  Valve  Cloeed 

Llalt 

On/Off 

ENTPVO 

Main  root  valve  Open  Limit 

On /Off 

EMOTC 

Mein  Oxidlear  valve  Cloeed 

On/Off 

EHOVO 

Main  oeidleer  Valve 

Open  Lieit 

On/Off 

KKP-1 

Main  Stag#  1 

On/Off 

X 

■ 

«r*2 

Main 'Stage  2 

Frame  lead 

On/Off 

X 

MPCO 

Main-Stage  Preeeure 

Cutoff  SLgnei 

On /Off 

ENS 

Mein-stage  Start  Blgaol 

on/otf 

EH8CD 

«ta in- Stage  Programed 

Duration  Cutoff 

On/Off 

EMSS 

Main-Stage  Steet  Solenoid 
Energised 

On /Off 

a 

X  X 

■trip 

Chart 


Event 

Recorder 


X-I 

Plot tar 
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TABLE  111-1  (Continued) 


>KDC 


Codo 

Varna  ter 

Is 

range 

Event 

COB  VO 

Oxldlaar  Oleed  Valve 
own  Linic 

On/Off 

roco 

Observer  Cutoff  Signal 

On/Off 

BOPCO 

Oxidlser  Fuip  Ova rape  ad 
Cutoff  Signal 

On/Off 

EOF  VC 

Oxldlaar  Pravalva  closed 
Lliit 

On/Mf 

KOPVC 

Oxldlaar  Pravalva  Open 

Lin  it 

On/Off 

1XJTCO 

i*nai  Turbina  Over* 
Toxperature  Cutoff 

On/Off 

lMASIS-1 

Augmntad  Roark  Igniter 

1  Spark  Sat# 

On/Off 

ERAS IS- 2 

Augnantad  Spark  Igniter 

1  Spark  Rata  | 

On/Off 

CSTCO 

Start  "OK”  Tinas  Cutoff 
Signal 

Oti/Off 

r.TCBC 

Throat  Chaxber  Bypaaa 

Valve  Cioaed 

On/Off 

LTCBO 

Thruat  Chanbar  Bypaia 

Valve  Onen 

Oti/Off 

r.vsc-1 

Vibration  Safety  Counts  1 

On/off 

EV8C-2 

Vibration  Safaty  Counta  2 

on/off 

KVSC-3 

Vibration  Safaty  Counta  3 

On /Off 

Move ,  rjjxt 

Qf-1 

Engine  fuel 

trr 

0  to  11,000 

Qf-2 

Engine  Fuol 

prra 

0  to  11,000 

or- 3 

Engine  Fuel 

prr 

0  to  11,000 

QO-1 

Engine  Oxidlser 

POP 

0  to  3, S00 

QO-2 

Engine  Oxidlser 

POFa 

0  to  3, SOO 

00-3 

Engine  Oxidlser 

por 

0  to  3,(00 

Porcsa,  Ibf 

rsp-1 

Side  Load  (Pitch) 

1 20, 000 

rsr-1 

Ride  Load  (Yaw) 

tio.ono 

Position,  percent  ope 

n 

LTBT 

Thraat  chanber 

Rypaaa  Valve 

0  to  100 

LFVT 

vein  reel  valve 

0  to  100 

LltfT 

Idle  •  noda/Augna  n  tad 

Spark  Igniter 

Oxidlser  valve 

0  to  100 

LOW 

Main  Oaidiaar  Valve 

0  to  100 

LFUTO? 

Propellant  Utilisation 
Vaiw 

5  v 

LTW 

Hot  Cna  Tap of f  valve 

o  to  ion 

Magnetic 


Oscillo-  Strip 
graph  Chart 


Event 

Recorder 


x 


X 


X 


X 


X 


K 


X 


X 


X 


X 


X-Y 

EiS&ttl 
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TABLE  III-1  (Continued) 


AEDC 

Coda 

Farmtor 

Tap 

hange 

Oigltal 

Data 

Syates 

Magnetic 

Tape 

oscillo¬ 

graph 

Strip 

Chart 

■vent  K-T 

Pe  carder  Plotter 

Preaaure,  pall 

PA- 1 

Teat  Call 

0  to  O.S 

X 

PA-2 

Teat  Coll 

0  to  1.0 

X 

PA- 3 

Teat  Call 

0  to  S.O 

X 

X 

PC-  IP 

Ti»ru at  Chamber 

CD1 

0  to  1S00 

X 

PC-2P 

Thruat  Chamber 

CCIa-2 

0  to  1500 

X 

X 

X 

PC-2PL 

Thru  at  Chamber 

CGIa-1 

0  to  so 

X 

X 

PC  AS  I 

Augnented  Spark 

Igniter  Chamber 

ZG1 

0  to  1S00 

X 

PCASI -L 

Aognentad  Spark 

Igniter  Ch caber 

XGI 

0  to  so 

X 

X 

PFBM 

Thru at  Chamber 

Hypaaa  Manifold 

CF3 

0  to  1S00 

X 

PFCO 

PLlA  coolant 

Orifice 

CM 

0  to  2000 

X 

PFCO-L 

Flic  Coolant 

Orlfica 

CT4 

0  to  SO 

X 

PPCVI 

Pi  In  Coolant 

Venturi  Inlet 

CF7 

3  to  2000 

X 

PFCVI-L 

File  Coolant 
venturi  Inlet 

CF7 

0  to  50 

K 

rrcvr 

Flln  Coolant 

Vonturi  Throat 

CPS 

0  to  200 

X 

prcvr-L 

Flic  Coolant 
venturi  Throat 

CF6 

0  to  50 

X 

FFJ-1 

Foal  Injection 

CT2 

0  to  DAO 

X 

a 

PFJ-1L 

ruel  injection 

CF2 

0  to  SO 

X 

PFMI 

Fuel  Jacket 
"an if old  In lot 

CPI 

0  to  2000 

X 

PPT1I-L 

Fuel  Jacket 
’fanlfold  Inlet 

CF1 

0  to  SO 

X 

PFFBC 

Fuel  Pump 

Oalanco  Platon 

Cavity 

FP5 

0  to  2000 

X 

a 

a 

PFFBS 

Fuel  Prop 

Balance  Platon 

Sop 

FF4 

0  to  1000 

X 

X 

X 

PFPD-1I* 

Fuel  Punp 

Oiacharga 

PFJ 

0  to  SO 

X 

PFP0-1P 

Foal  Punp 

Dlacharga 

PF3 

0  to  2S00 

X 

X 

PFPO-2 

Fuol  Punp 

Olacharga 

FF2 

0  to  3000 

1 

X 

X 

X 

X 

PFPI-1 

Fuel  Punp  Inlat 

PF1 

0  to  100 

X 

X 

PFFI-2 

Fuel  Funp  Inlot 

0  to  100 

X 

'  X 

PFPI-3 

ruel  Pump  Inlat 

fPia 

0  to  100 

X 

X 

a 

PFPRA 

Fual  Punp  Fear 

Bearing  Coolant 

pr7 

0  to  1000 

X 

X 

FFPS 

Fual  hap 

Intara tage 

rrt 

0  to  1000 

X 

X 

X 

PFPBI 

Fual  Punp  shroud 

0  to  1S00 

X 

PFTI-1F 

Fual  Turbina  Inlat 

TGI 

0  to  1000 

X 

X 

PPTO 

Fual  Turbina  Outlet 

TG2 

0  to  30b 

X 

PFTSC 

Fual  Turbina  Seal 

Cavity 

TG10 

0  to  ,500 

X 

prut 

Fual  Ullage  Tank 

0  to  10C 

X 

PFVC 

Fual  Pepreaauriutlon 

at  CuatOMr  Connect 
Panal 

0  to  2000 

X 

PFVI 

Fuel  PjapraaaurlaatLon 
Hoaalo  Inlat 

KKF1 

0  to  2000 

X 

PFVL 

Fual  FopreaauKimation 
Boa  ala  Throat 

KHF2 

3  to  1000 

X 

PHEA 

Holloa  Accumulator 

HH3 

0  to  750 

X 

PIES 

Halles  Supply 

0  to  so 00 

X 
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TABLE  111-1  (Continued) 


«DC 

Codo 

Parana tar 

Tap 

Range 

Digital 

Data 

Syatoai 

Magnetic 

Tape 

Qselllo* 

graph 

Strip 

Chart 

Kvent 

nocordar 

X-T 

Plot  tor 

Proaaura,  pala 

PACT- IP 

iio  Hum  Tank 

KH1-1 

o  to  sono 

K 

X 

PHET-2P 

Hoiiua  Tank 

HJI1-3 

0  to  5000 

X 

piiro-ip 

lioliua  Regulator 

Outlet 

UN2 

0  to  730 

a 

PNOOP-1 

Oaldiaor  Dom  Purge 
ot  Cuatoner  Connect 

Panoi 

0  tn  750 

X 

•p:«jop-2 

Oxidizer  Dooe  Purga 
at  Cuatonar  Connect 

Panel 

0  tn  1500 

X 

P0AS1J 

Migrants  *park 
igniter  Oxidizer 

Injection 

103 

0  to  1500 

X 

X 

P0A3IJ-L 

/.ugnanted  S-vark 

Innitor  Paldiaor 

InjictLon 

X03 

0  to  30 

a 

POXXla 

Ox  id  i  ao  r  Tdlo  'todo 

Lina 

P010 

O  to  2000 

X 

pnrtL-i. 

Oxldiaor  Idle  "'ndo‘ 

Line 

HO  IP 

0  to  50 

X 

POJ-1 

Oaldiaar  Ir.Jaetjon 

COS 

3  to  1500 

X 

POJ-2 

Oxidizer  Xnjactlon 

CO  3a 

0  to  2300  ■ 

X 

X 

PCJ-3 

Oxidlaor  Inaction 
Monifold 

CO  3  b 

0  to  5000 

a 

X 

popac 

Oaldiaor  Pump 

Banring  Coolant 

PC7 

0  to  500 

X 

7*0  PO  '  1 L 

Oxidizer  P-.zzp 

Diachargo 

PO.l 

0  to  50 

* 

P0PU-1P 

Oxifliaer  Puxp 

Oiachorqa 

P03 

0  to  2500 

X 

POPO-3 

rixidtear  Punp 

Oiachargc 

P02 

0  to  3000 

X 

POPI-1 

naidiaor  Punp  Inlat 

POI 

0  to  loo 

X 

POPX-2 

Oaldiaar  Punp  Xnlet 

n  to  ioo 

X 

POPX-1 

Oaldiaar  Punn  Xnlat 

POta 

o  to  ion 

a 

a 

X 

POPSC 

Oaldiaar  Piap  Primary 

Saal  Cavity 

rod 

0  to  30 

X 

P0TI-1P 

Oxidltar  Turbine 

Inlat 

TG3 

0  to  200 

a 

POTO-1P 

Oaldiaor  Turbine  j 

Outlet 

I  TC4 

0  to  ion 

a 

POUT 

Oxidizer  Ullage  Tank 

0  to  100 

a 

PPTD 

Photocon  cooling 

Hater  (Dowaatraae) 

o  to  mo 

a 

PPTU 

Photocon  Cooling 

Ha  tar  (Upatraan) 

0  to  mo 

X 

PPOVI 

Propellant  Utillxa- 
tion  valva  Inlet 

TOO 

0  to  2000 

X 

PPUVO 

Propellant  Utiliza¬ 
tion  valve  Outlet 

PW 

0  to  1000 

X 

PTCPJP 

Thruat  Chamber  Puei 

Jacket  Purge 

0  to  290 

X 

PTfM 

Turbina  Cxhauet 
"an i fold 

TGS 

0  to  30 

a 

FTP 

Tapoff  Manifold 

GG2b 

0  to  1500 

a 

PTH-L 

Tapoff  Manifold 

OC2b 

C  to  50 

a 

X 

5raada(  rpn 

?JPP-1 

rual  Puxp 

PPV 

9  to  33,003 

a 

MFP-2 

Fuel  Puxp 

P?V 

0  to  33,000 

X 

HTP-3 

Fuel  Pmp 

PPV 

0  to  J3,00D 

a 

MOP-1 

Oxidizer  Piap 

POV 

0  tn  12,000 

X 

MOP-2 

Oaldiaar  ?iop 

POV 

0  to  12,000 

a 

MOP -3 

Oxidizer  Punp 

pnv 

0  to  12,000 

a 
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TABLE  111-1  (Concluded) 


AEDC 

Code 

Per  as* tar 

Tap 

Ranqa 

Digital 

Data 

System 

Magnotle 

Tape 

Oscillo¬ 

graph 

Strip 

Chert 

TA-1 

Tampereture*.  dog  r 

Teat  Coll,  Worth 

•50  to  000 

X 

TA-2 

Teat  Call,  Eaat 

-SO  to  100 

X 

TA-3 

Taat  Call,  loath 

-50  to  100 

a 

TA-4 

Teat  Coll,  Meat 

-50  to  100 

X 

TECP-1P 

Elect ricel  Control 

A  a  usably 

HST1  It 

-300  to  200 

X 

TP  AS  I J 

Augmented  Spark 

Igniter  Fu*i 

Iojectlor 

IFT1 

-425  to  100 

X 

X 

TPDM 

Throat  Chamber 

Sypaaa  Manifold 

-425  to  100 

X 

TPCO 

Pile  Coolant 

Orifice 

IFT1 

-425  to  -175 

X 

TPD-Avg. 

Fire  Detection 

Average 

0  to  1003 

X 

K 

TFOPTA 

Fir*  Dctoct  Fuel 

Turbine  "an  1  fold 

Area 

0  to  5C3 

X 

TFCMFVA 

Fire  Detect  Vain 

Fuel  Valve  Area 

1  to  50C 

X 

TFDfinVA 

PL  rn  Dotoct  Main 

Oxidizer  Valve 

Aroa 

, 

3  to  500 

X 

• 

TPOOOA 

Fire  Detect  Oxidizer 

Doao  Area 

0  to  jjU 

X 

TFDTDA 

Tire  Detect  Tapoff 
nuct  Area 

0  t«i  son 

X 

•-TFJ-1P 

Fuol  Xr.joction 

CFT2 

•425  to  -3 JO 

X 

a 

7FJ-2P 

Fuel  Injection 

err  2a 

-125  to  1JU 

X 

X 

e 

TP  BBS 

Fuel  rump  Balance 

Platon  Sum 

pm 

-425  to  07j 

X 

X 

TPPD-1P 

ruel  Puxp  Oiachorge 

P”T1 

•425  to  -3J0 

X 

a 

TPPD-2P 

Tuol  Pump  Olacherge 

PFT1 

-425  to  100 

X 

TPPI-1 

Puol  Pump  Znlot 

KFT2 

-42S  tn  -40 J 

r 

TFPI-2 

Fuel  Pump  inlet 

KPT2a 

-425  to  100 

a 

TPPAS-1 

Fuel  Punp  Pear 

Support 

-400  to  1000 

X 

TPPAS-1 

•■uol  Pump  Rear 

Support 

•  400  to  non 

X 

TPPRS-3 

Fuel  Pump  ®oer 

Support 

•400  to  1300 

a 

TPBT-1 

Fuel  Pun  Tank 

-425  to  -400 

a 

TTRT-3 

puel  °un  Tenk 

-425  to  -400 

a 

TPTI-J 

Fuol  Turbine 

Inlet 

TGTl 

-300  to  2400 

X 

X 

TFTI-4 

Fuol  Turbine  Inlet 

CCT2 

Oiid  CC2 

-300  to  2000 

a 

X 

K 

TFTO 

Fuol  Turbine  Cutlet 

-100  to  1400 

X 

TPVC 

Fuol  Roproaeori ration 
at  Cuatoner  Connect  FanoL 

•300  to  -100 

X 

TPVL 

Fuel  Renroeaurlsation 
Nosile  Inlet 

ram 

•300  to  -100 

X 

i 

THET-1P 

Uellun  Tank 

mrri 

-200  to  150 

X 

THETA- t 

Hoiiun  Tank  Area 

0  to  500 

a 

THETA- 2 

Holiura  Tank  Area 

0  to  500 

•  * 

TXTVS-1 

JeLn  ruel  Valve  Skin 
(Outer  Mall) 

-42  5  to  1C  3 

X 

X 

TMPVS-2 

vein  Fuol  Valve  Skin 
( Inner  Mall) 

-425  to  133 

X 

K 

TH OOP-1 

CxidLZOr  Done  Purge 
at  Customer  Connect 

Penel 

•250  to  200 

a 

•TOODP- 

2  Oxidizer  Done  Purgo 

-250  to  200 

X 

at  Cj a  tenor  Connect 
Panol 


Event 

Pacorder 


x-T 

Plotter 


x 
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TABLE  1 11-1  (Continued) 


AEDC 

Cod* 

Piruitir 

Tap 

Range 

Digital 

Data 

Syaton 

magnetic 

Tap* 

Oaaillo- 

graph 

Strip  Event  x-r 

Chart  Recorder  Plotte 

Tanpareturos,  d*q  P 

TOIML 

Oelditer  Zdla 

Hoda  Lina 

POTS 

-300  to  100 

X 

TOJ 

Oxidisor  Injection 

COT1 

-300  to  1200 

X 

X 

topbc 

Oeiditer  Pu»p  leering 
Coolant 

rcri 

-300  to  -259 

X 

T0P0-1P 

Ox id lie r  Punp  Oiecherg# 

POT  3 

-300  to  -250 

X 

TOPO-2P 

Oaidiaar  Tuap  3 i ■charge 

POTS 

-300  to  100 

X 

TOPI-1 

Oeldiecr  Punp  Inlet 

KOT2 

-310  to  -25C 

X 

X 

TOPI -2 

daidiaor  rasp  inlet 

KOT2a 

-310  to  100 

X 

X 

TORT-1 

Oeidiaer  Run  Tank 

-300  to  -20S 

X 

TOUT- 3 

Oxidiiar  Ran  Tank 

•300  to  -215 

X 

TOT I - IP 

TCTl 

0  to  1200 

X 

Ton-i 

Oxidizer  Turbine  Manifold 

-300  to  1000 

X 

TOTH- 2 

Oxidiear  Turbin*  Nanifold 

•300  to  1000 

X 

TOTO-IP 

Oxidiaor  Turbino  Outlot 

TGT< 

0  to  1000 

X 

TPIP-1P 

Inetruaentetion  Package 

-300  to  200 

X 

TPTU 

Photocon  Cooling 

Water  (Unatreera) 

0  to  300 

a 

TTCP 

Thruat  Chanbar  Purge 

-250  to  20  0 

a 

TTCT-E1 

Thru  at  Chanbar  Tube  (Kelt) 

•425  to  500 

a 

TTCT-E2 

Thruat  Chanbar  Tuba  (Exit) 

-425  to  500 

a 

TTCT-T* 

Thruat  Chanbar 

Tube  (Throat  1 

-425  to  SCO 

a 

X 

TTCT-T2 

Thruat  Chanbor 

Tube  (Throat) 

•425  to  500 

X 

TTK 

Hot  ftaa  Tapoff  "an i fold 

0  to  2000 

X 

X 

X 

Peak  vibration*,  g 

UFPR 

Fuel  Puap 

PSA-1 

450 

X 

UTTK 

full  Turbina 

V123-2 

450 

X 

UOFR 

Oxidiear  Piaap  Radial 

PSA- 2 

300 

a 

DTCO-I 

Thruat  Chanbar  Done 

'  PlA-la 

1400 

X 

a 

UTCD-2 

Thruat  Chaabar  Done 

FXA-2 

1400 

X 

a 

VTCD-) 

Thruat  Chanbar  Dom 

PSA-  3 

300 

X 

X 

irrcT-i 

Thruat  Chamber  Throat 

300 

X 

ITCO-2 

Thrust  Chamber  Throat 

300 

X 

Voltage i  v 

VCO 

Control  Qua 

1 

0  to  3C 

X 

VXB 

I qn it ion  due 

0  to  34 

X 

VIDA-1 

Ignition  Detect  Anplifler 

)  to  16 

X 

VIDA- 2 

Ignition  Detect  Anplifler 

»  to  IS 

a 

VPUVtP 

Propellant  Utilisation 
Valve  Tolenotry 
Potantlonatar  Excitation 

0  to  S 

a 
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